INTRODUCTION
Although, the area of research on nanofluids is sufficiently explored but due to the growing applications of nanofluids, considerable efforts have been directed towards understanding the heat and mass transfer characteristics of these fluids. There are numerous biomedical applications that involve nanofluids such as magnetic cell separation, drug delivery, hyperthermia and contrast enhancement in magnetic resonance imaging (Choi, 1995; Choi et al., 2001; Salloum et al., 2008) . Depending on the specific application, there are different chemical syntheses developed for various types of magnetic nanofluids that allow for the careful tailoring of their properties for different requirements in applications (Chandrasekar and Suresh, 2009) . In view of such applications and a great demand of nanofluids in the near future, it is proposed in this study to investigate the conjugate effects of heat and mass transfer of nanofluids over a non-linear stretching sheet. *Corresponding author. E-mail: ridafie@yahoo.com Khanafer et al. (2003) reported an increase in heat transfer performance of nanofluid (Cu nanoparticle suspended in water) inside two dimensional rectangular enclosures. Yu et al. (2008) studied the thermal conductivity in nanofluid and gave the comparisons for the enhancements of heat transfer. Nield and Kuznetsov (2009) used linear instability theory for the onset of convection in Darcy model and reported to be a pioneer for the thermal instability studies in porous medium saturated by nanofluid. In the continuation of their previous work, Kuznetsov and Nield (2010a) considered the solutal volumetric coefficient along with thermal volumetric coefficient effects to study the cross-diffusion effects in nanofluid. In addition, they have considered base fluid of a nanofluid as a binary fluid (salty water) to present the idea for triple-diffusion type problems in nanofluid. Thermophoresis and Brownian motion effects for the nanofluids over a vertical flat plate have been examined by Kuznetsov and Nield (2010b) . Also, Kuznetsov (2012) studied a novel type of nanofluid by involving the nanoparticle and oxytactic microorganisms to discuss the challenging task for the gradient of oxygen concentration.
The boundary layer flows of non-Newtonian fluids over a stretching sheet with heat and mass transfer are important in several areas such as extrusion process, glass fibber, paper production, hot rolling, wire drawing, electronic chips, crystal growing, plastic manufactures, application of paints, food processing and movement of biological fluids . Bhargava et al. (2007) discussed heat and mass transfer of boundary layer flow over a non-linear stretching sheet under the effects of different physical parameters. Khan and Pop (2010) investigated the laminar fluid flow of a nanofluid from the stretching flat surface by incorporating the effects of Brownian motion, thermophoresis and reported to be the pioneer for this study of stretching sheet in nanofluid. The magnetohydrodynamic (MHD) forced convection boundary layer flow of nanofluid over a horizontal stretching plate was investigated by Nourazar et al. (2011) using homotopy perturbation method (HPM). Very recently, Matin et al. (2012) studied entropy analysis in mixed convection MHD flow of nanofluid over a nonlinear stretching sheet. Bachok et al. (2010) studied boundary layer flow of a nanofluid past a moving plate in a uniform free stream. In another investigation, Bachok et al. (2012) discussed heat transfer over a permeable stretching sheet for the unsteady boundary layer flow of a nanofluid. used homotopy analysis method (HAM) to investigate the MHD boundary layer flow and examine the heat transfer analysis for the permeable stretching sheet under varied conditions. In this continuation, Abbas and Hayat (2011) studied the stagnation point flow with slip effects in heat transfer analysis for the boundary layer flow over a non-linear stretching sheet. Pal and Mondal (2010) examined the heat and mass transfer over a stretching sheet by considering the effects of buoyancy and solutal buoyancy parameters. Aman and Ishak (2010) presented the hydromagnetic flow and heat transfer adjacent to a stretching vertical sheet with prescribed surface heat flux. Kandasamy et al. (2011) studied scaling group transformations for an electrically conducting nanofluid flow over a vertical stretching sheet.
Motivated by all these studies, we intend to investigate the conjugate effects of heat and mass transfer of nanofluids over a non-linear stretching sheet. The combined effects of Brownian motion, thermophoresis, buoyancy ratio and solutal buoyancy ratio parameter are incorporated in the mathematical formulation of the problem. The governing equations are solved numerically by using the Keller-box method Bradshaw, 1977, 1988; Salleh et al., 2012) .
PROBLEM FORMULATION
The steady two-dimensional boundary layer flow of a nanofluid past a stretching surface is considered under the assumptions that the external pressure on the plate in Boussinesq approximation is employed to the field equations. The governing boundary layer equations that are based on the balance laws of mass, linear momentum, energy and concentration species for the present problem are given as follows (Kuznetsov and Nield, 2010a; Khan and Pop, 2010) .
where u and v are the velocity components in the x and − y directions respectively, g is the acceleration due to gravity, µ is the viscosity, f ρ is the density of the base fluid, p ρ is the density of the nanoparticle, . ,
It is assumed that the external pressure on the plate in direction having diluted nanoparticles is constant (yields). By using the following similarity transformations as introduced by Afify (2009) 
Here, λ is the buoyancy parameter, δ is the solutal buoyancy parameter, Pr is the Prandtl number, Le is the Lewis number, ν is the kinematic viscosity of the fluid, Nb is the Brownian motion parameter, Nt is the thermophoresis parameter, The Nusselt number, Sherwood number and skin-friction for the present problem of nanofluid are defined as: The transformed non-linear ordinary differential equations 8, 9 and 10 using boundary conditions 12, are solved numerically by using the finite difference scheme known as Keller-box method.
SOLUTION PROCEDURE
In this article, we have investigated numerically the conjugate effects of heat and mass transfer of nanofluids over a non-linear stretching sheet. The governing equations 8, 9 and 10 subject to the imposed boundary conditions 12, are solved for the numerical solutions by using Keller-box method. This method has the following four steps: (i) We reduce the non-linear system of Equations 8, 9 and 10 to a first order system; (ii) We write the difference equations using central differences; (iii) We linearize the resulting algebraic equations by Newton's method and write them in a matrix vector form; (iv) We use the block-tridiagonal-elimination technique to solve the linear system. This method has been widely used and it seems to be the most flexible of the common methods. It has been shown to be much faster, easier to program, more efficient and more flexible to use. 
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RESULTS AND DISCUSSION
The numerical results for some physical parameters of our interest are shown in tables and in various figures. In Physically, it is true that due to the fact that the large values of Brownian motion parameter impacts a large extent of the fluid, it results in thickening the thermal boundary layer. Also, the increasing values of thermophoresis parameter decreases the reduced Nusselt number and the reduced Sherwood number but increases the skin-friction coefficient, which results in diffusion penetrating deeper into the fluid and causing the thermal boundary layer to be more thick. In order to get physical insight into the problem, the convergence history plots for dimensionless velocity, temperature and concentration profiles for different flow parameters are provided in Figures 1 to 3 . Furthermore, the variations of the reduced Nusselt number, the reduced Sherwood number and skin-friction coefficient as a function of 
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It is evident from Figure 1 that an increase in Pr results in a decrease in the velocity, whereas velocity increases for the increasing values of . λ Physically, it is true due to the fact that an increase in Pr, makes the fluid to be more viscous, which leads to decrease in the velocity. Further, it is found that velocity decreases with increasing values of δ and m . Figure 2 is plotted to analyze the heat transfer for the combined effects of Pr, δ λ, and m on the temperature profiles. This figure indicates that an increase in Pr and λ results in a decrease in the temperature profiles whereas these profiles increases for the increasing values of δ and . m This is due to the reason that, high Prandtl number δ Figure 11 shows that for the 
